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Abstract
Objective: To explore various contributors to people's reporting of self reported air pollution
problems in area of living, including GIS-modeled air pollution, and to investigate whether those
with respiratory or other chronic diseases tend to over-report air pollution problems, compared
to healthy people.
Methods: Cross-sectional data from the Oslo Health Study (2000–2001) were linked with GIS-
modeled air pollution data from the Norwegian Institute of Air Research. Multivariate regression
analyses were performed. 14 294 persons aged 30, 40, 45, 60 or 75 years old with complete
information on modeled and self reported air pollution were included.
Results: People who reported air pollution problems were exposed to significantly higher GIS-
modeled air pollution levels than those who did not report such problems. People with chronic
disease, reported significantly more air pollution problems after adjustment for modeled levels of
nitrogen dioxides, socio-demographic variables, smoking, depression, dwelling conditions and an
area deprivation index, even if they had a non-respiratory disease. No diseases, however, were
significantly associated with levels of nitrogen dioxides.
Conclusion: Self reported air pollution problems in area of living are strongly associated with
increased levels of GIS-modeled air pollution. Over and above this, those who report to have a
chronic disease tend to report more air pollution problems in area of living, despite no significant
difference in air pollution exposure compared to healthy people, and no associations between
these diseases and NO2. Studies on the association between self reported air pollution problems
and health should be aware of the possibility that disease itself may influence the reporting of air
pollution.
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Background
Self reported air pollution is sometimes used as a pollu-
tion indicator in lack of objective measures. In a recent
study by Heinrich et al. [1] on self reported traffic inten-
sity compared to modeled exposure of air pollution from
traffic, the subjective assessments of exposure tended to
overestimate the modeled estimates of air pollution expo-
sure, indicating only a weak association between self
reported and modeled air pollution. The results by Hein-
rich et al. [1] have important implications for the research
on health effects of air pollution, as several studies use
subjective assessment of traffic exposure in their efforts to
document such effects [2-4]. Additionally, within the lit-
erature on area effects on health, composite indexes that
include self reported measures of air quality, air pollution
or traffic are frequently used [5,6].
A methodological problem arises in studies that have no
objectively measured equivalents to their self reported
measures of air pollution. Typically, subjects who report
on air pollution at their home address also answer health
questionnaires. In cross-sectional studies, results could be
severely biased if both the exposures and the potential
health impacts are assessed subjectively. Studies that rely
upon self reported air pollution data face the dilemma of
whether their results only express a systematic over-
reporting of air pollution among those with the same dis-
ease for which they try to establish effects upon from air
pollution.
The aim of this article is to explore which factors over and
above GIS-modeled air pollution levels that contribute to
people's reporting of self reported air pollution problems
in area of living. We investigate whether those with respi-
ratory diseases (asthma, chronic obstructive pulmonary
disease), other chronic diseases (coronary heart disease,
osteoporosis, diabetes and fibromyalgia; a chronic syn-
drome characterised by diffuse or specific muscle joint, or
bone pain, fatigue, and a wide range of other symptoms),
or poor self rated health tend to over-report air pollution
problems, compared to healthy people.
Methods
Data were obtained from the Oslo Health Study
(HUBRO), a joint collaboration between the Oslo City
Council, the University of Oslo, and the Norwegian Insti-
tute of Public Health from May 2000 to September 2001.
40 888 persons in five age cohorts were invited (i.e. all
inhabitants in Oslo that were either: 30, 40, 45, 60 or 75
years old). Participation rate was 46%. Study population
and non-respondents are explained and evaluated in
detail elsewhere [7]. In terms of relative effect estimates of
disability, the non-participants did not differ from the
study participants. Self-selection according to socio-
demographic variables had little impact on prevalence
estimates. Although unhealthy persons attended to a
lesser degree than healthy individuals, social inequalities
in health by different socio-demographic variables
seemed unbiased. This study also compared the non-
attendees in HUBRO with the non-attendees in similar
population studies, and concluded that the non-attend-
ance was quite similar to what is usual [7]. The data col-
lection included a main questionnaire, various
supplementary questionnaires and a simple clinical exam-
ination. Among the 18 770 participants, we have included
those who answered the question on self reported air pol-
lution problems, and for whom we had GIS-modeled
exposure data of nitrogen dioxide (NO2) at their home
address (n = 14 294).
Ethics and approvals
All the participants of the Oslo Health Study gave their
written consent. The participants' names and personal ID
numbers were omitted when data were used. The Norwe-
gian Data Inspectorate approved the study and the
Regional Committee for Medical Research Ethics evalu-
ated it.
Dependent variable: self reported air pollution problems 
(APP)
Self reported air pollution problems (APP) was derived
from the question "Are you (in your local environment)
troubled by air pollution from traffic?", with the response
categories 'very troubled' and 'somewhat trouble' col-
lapsed into yes, and 'not troubled' indicating no. There
may be some ambiguity in the participants' interpretation
of what this question actually measures. Ideally, the par-
ticipants' answers to this question should be based on a
reflection of the local levels of traffic related air pollution
levels, which would be a direct way to measure the corre-
spondence between modeled and perceived air pollution.
However, the question is formulated so that the partici-
pants were asked to rate to what extent they feel troubled
by a given level of air pollution. This may vary from per-
son to person, and thus is not the same as considering the
amount of air pollution levels per se. Instead we consider
it an approach that indirectly captures the perceived pol-
lution levels, as the likelihood to feel troubled by air pol-
lution is likely to increase with increased levels of air
pollution. The question was chosen from a list of several
local items that the participants were asked to consider
whether they were troubled by in their local environment
(e.g. traffic noise, noise from neighbours, poor drinking
water). In this context we believe it was clear to the study
participants that the question was related to an assess-
ment of the quality of local area features, not whether or
not these features were affecting their health.Environmental Health 2008, 7:9 http://www.ehjournal.net/content/7/1/9
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Modeled exposure assessment
Indicator of ambient air pollution exposure at the partici-
pants' home addresses was nitrogen dioxide (NO2). NO2
was chosen as indicator of air pollution exposure as it is
considered to be a good marker for traffic related air pol-
lution, has been shown to have spatial variability, and
comparisons between modeled and measured levels have
shown reasonable agreement [8,9].
Air pollution data was estimated using the GIS-based Air
Quality Information System (AirQUIS) developed at the
Norwegian Institute of Air Research (NILU) [10,11]. This
model combines data on meteorology, emissions, back-
ground air pollution concentrations and topography. The
model calculates the ambient exposure levels according to
home addresses on a km2 grid and a large number of
receptor points close to busy roads.
On the day the study participants were examined they
were given a supplementary questionnaire in which they
should answer the APP-question. The response rate of this
questionnaire was 84% (that is 37% of all invited). Most
participants returned the questionnaire after 2–4 weeks.
Based on this, we calculated the average NO2 exposure at
the participants' home addresses in the four weeks after
examination. This modeled exposure would reflect the
time period in which the participants answered the APP-
question. NO2 values were quintilized for the analyses.
Initial analyses with yearly average values of NO2 and
analyses where NO2 was measured continuously were per-
formed with results quite similar to the 4-weeks variable
(figures not shown). We therefore chose to proceed with
the 4-weeks variable for two reasons. Firstly, to minimize
the possibility of migration bias and secondly to better
handle the possibility that the participants' reporting of
APP could be affected by the air pollution levels at the
time of answering the questionnaire, rather than being a
reflection of what it is like in the area of living during the
year as a whole.
We adjusted for season of examination by categorizing the
months of examination into seasons; December, January
and February (winter); March, April and May (spring);
June, July and August (summer); September, October and
November (autumn) [12].
Independent variables
Age was either: 30, 40, 45, 60 or 75 years old. Those aged
40 and 45 were collapsed into one age group. Age and sex
had no missing values. Missing values for the other varia-
bles are described in table 1. Employment status was either:
fulltime, part-time or not working. Education  was high
(academic college or university education) and low
(lower educational forms). Smoking  was either current
smoker, former smoker or never smoker. Type of dwelling
was either: house (including farms), apartment blocks
(including flats in a terraced block of flats and semi-
detached houses) or other dwelling types.
We adjusted for two indicators of housing quality that
may affect the likelihood to feel troubled by outdoor air
pollution.  Dwelling damp, draughts or cold was derived
from the question "Are you (in your home) troubled by
damp, draughts or cold?" with the response categories
'very troubled' and 'somewhat trouble' collapsed into yes,
and 'not troubled' indicating no. Similarly, poor indoor cli-
mate was derived from the question "Are you (in your
home) troubled by other forms of poor indoor climate?"
with the same responses collapsed. Self reported pollution
due to wood or oil heating, factory etc. was derived from
the question "Are you (in your local environment) trou-
bled by air pollution due to wood or oil heating, factory
etc.?" with the response categories 'very troubled' and
'somewhat trouble' collapsed into yes, and 'not troubled'
indicating no. This question is rather similar to APP in the
sense that there may be some ambiguities in the rationales
of the respondents' answers cf. our comments in reference
to the APP-question.
Area deprivation was a composite measure of five items, a
method that has been shown to have stronger independ-
ent effects on health than any one variable on its own
[13]. The items were area percentages of population
affected by social aid, being unemployed, receiving disa-
bility pension, having no academic college or university
education, and average taxable income in the areas. A rank
score for Oslo's 25 administrative areas was calculated
and quintilized for the analyses [14]. Each participant was
assigned a value for area of living in year 2000. The Oslo
City Council provided these data.
In addition, we adjusted for depression because there is a
possibility that it may be present in some of the chronic
diseases and therefore related to the reporting of air pollu-
tion. Depression was derived from the question "Have you
during the last two weeks felt depressed?" with the
response category 'no' indicating no, 'a little' indicating
some, and the categories 'quite much' and 'very much'
indicating yes.
Asthma, diabetes, fibromyalgia and osteoporosis were derived
from the question "Do you have any of these illnesses, or
have you suffered from any of them in the past?" Self rated
health was derived from the question "How would you
describe your present state of health?" dichotomised into
good (good or very good) and poor (not very good or
poor). Coronary heart disease (CHD) was measured by The
Rose Questionnaire of angina pectoris [15], and chronic
obstructive pulmonary disease (COPD) by a modified ver-Environmental Health 2008, 7:9 http://www.ehjournal.net/content/7/1/9
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Table 1: Distributions of independent variables, percentages reporting air pollution problems (APP) and mean NO2-levels.
N = 14294 Mean NO2-levels (95% CI) during four weeks after 
examination
Variables (% Missing) N % %APP APP: No APP: Yes
Age 30 years 3063 21.4 25.9 29.9 (29.4 – 30.4) 36.3 (35.6 – 37.0)
40 or 45 years 5002 35.0 21.6 25.6 (25.2 – 26.0) 33.8 (33.1 – 34.5)
60 years 3569 25.0 20.3 25.4 (25.0 – 25.9) 33.0 (32.1 – 33.8)
75 years 2660 18.6 16.9 26.6 (26.1 – 27.1) 32.4 (31.3 – 33.6)
Sex Men 6355 44.5 20.5 26.9 (26.5 – 27.2) 34.3 (33.6 – 34.9)
Women 7939 55.5 22.0 26.4 (26.1 – 26.7) 33.9 (33.4 – 34.5)
Employment status (0.7%) Fulltime 8426 58.9 21.4 27.0 (26.7 – 27.3) 34.7 (34.2 – 35.3)
Part-time 1506 10.5 22.1 25.1 (24.3 – 25.8) 33.6 (32.3 – 34.9)
Not working 4266 29.8 20.7 26.3 (25.9 – 26.8) 32.9 (32.1 – 33.7)
Education (1.0%) Low 6987 48.9 22.0 27.4 (27.1 – 27.7) 35.0 (34.5 – 35.5)
High 7160 50.1 20.6 25.9 (25.5 – 26.2) 33.1 (32.5 – 33.7)
Smoking (0.7%) Never 6198 43.4 20.6 26.4 (26.1 – 26.8) 34.1 (33.5 – 34.8)
Yes, former 4407 30.8 20.7 26.2 (25.8 – 26.6) 33.5 (32.8 – 34.3)
Yes, current 3582 25.1 22.9 27.5 (27.0 – 28.0) 34.6 (33.8 – 35.3)
Area deprivation (0.9%) 1st quintile (low) 3052 21.4 11.2 23.5 (23.1 – 23.9) 30.2 (28.9 – 31.4)
2nd quintile 2891 20.2 26.7 32.2 (31.7 – 32.6) 35.8 (35.1 – 36.4)
3rd quintile 2468 17.3 18.2 23.2 (22.6 – 23.7) 29.1 (27.9 – 30.3)
4th quintile 3249 22.7 17.9 23.5 (23.0 – 24.0) 31.8 (30.7 – 32.9)
5th quintile (high) 2499 17.5 35.3 34.5 (34.0 – 35.0) 38.0 (37.4 – 38.6)
Season of examination Winter 4016 28.1 21.1 30.6 (30.1 – 31.0) 38.3 (37.5 – 39.1)
Spring 3005 21.0 24.1 26.0 (25.5 – 26.6) 33.6 (32.7 – 34.5)
Summer 2286 16.0 21.7 21.4 (20.9 – 21.9) 28.6 (27.7 – 29.5)
Autumn 4987 34.9 19.7 26.2 (25.8 – 26.5) 33.5 (32.8 – 34.1)
Pollution due to wood or oil 
heating/factory etc. (0.7%)
No 13477 94.3 18.1 26.6 (26.4 – 26.8) 33.9 (33.4 – 34.4)
Yes 712 5.0 72.9 27.6 (25.8 – 29.3) 34.9 (33.9 – 35.8)
Type of dwelling (0.3%) House/villa 2960 20.7 13.4 23.9 (23.4 – 24.3) 30.5 (29.3 – 31.6)
Blocks 10541 73.7 22.7 27.1 (26.8 – 27.3) 34.3 (33.9 – 34.8)
Other types 755 5.3 32.8 32.6 (31.5 – 33.7) 37.2 (36.0 – 38.3)
Dwelling damp, draughts or cold 
(0.6%)
No 12750 89.2 19.3 26.5 (26.3 – 26.8) 34.0 (33.6 – 34.5)
Yes 1464 10.2 35.3 27.7 (26.9 – 28.4) 34.2 (33.2 – 35.2)
Poor indoor climate (1.2%) No 13258 92.8 18.9 26.6 (26.3 – 26.8) 34.1 (33.6 – 34.5)
Yes 871 6.1 49.4 27.8 (26.6 – 29.0) 34.5 (33.3 – 35.7)
Depression (2.6%) No 9122 63.8 18.4 26.4 (26.2 – 26.7) 34.2 (33.6 – 34.7)
Some 3710 26.0 26.4 26.7 (26.2 – 27.2) 34.0 (33.3 – 34.8)
Yes 1087 7.6 28.8 27.7 (26.8 – 25.5) 34.0 (32.7 – 35.3)
Asthma (1.8%) No 12732 89.1 20.4 26.7 (26.4 – 26.9) 34.1 (33.6 – 34.5)
Yes 1298 9.1 28.4 25.6 (24.7 – 26.4) 33.7 (32.5 – 34.9)
COPD (2.5%) No 13260 92.8 20.6 26.5 (26.3 – 26.8) 34.1 (33.7 – 34.6)
Yes 678 4.7 34.7 27.6 (26.5 – 28.8) 33.4 (31.9 – 34.9)
CHD (0.8%) No 12969 90.7 20.8 26.7 (26.4 – 26.9) 34.2 (33.8 – 34.6)
Yes 1208 8.5 26.7 26.0 (25.1 – 26.8) 32.5 (31.1 – 33.9)
Diabetes (2.1%) No 13620 95.3 21.2 26.6 (26.4 – 26.9) 34.2 (33.8 – 34.6)
Yes 376 2.6 20.2 26.7 (25.3 – 28.1) 29.6 (26.8 – 32.5)
Fibromyalgia (3.3%) No 12993 90.9 20.6 26.7 (26.5 – 27.0) 34.2 (33.7 – 34.6)
Yes 824 5.8 28.0 24.6 (23.7 – 25.6) 32.6 (30.9 – 34.3)
Osteoporosis (2.8%) No 13331 93.3 21.0 26.7 (26.4 – 26.9) 34.1 (33.7 – 34.5)
Yes 560 3.9 24.3 25.8 (24.6 – 26.9) 32.3 (30.2 – 34.3)
Poor self rated health (1.1%) No 10911 76.3 20.1 26.8 (26.5 – 27.0) 34.5 (34.0 – 35.0)
Yes 3222 22.5 25.7 26.2 (25.7 – 26.7) 32.8 (32.0 – 33.6)Environmental Health 2008, 7:9 http://www.ehjournal.net/content/7/1/9
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sion of the Medical Research Council's questionnaire with
three items [16].
Analyses
The statistical analyses were conducted using the SPSS
11.0 software program. The chi-square test and independ-
ent samples t-test were used in comparing the excluded
(i.e. those with missing values) and the included respond-
ents. Both logistic and ordinary least square regression
was used in the main analyses. In order to investigate a
potential over-reporting of APP among people with a
chronic disease, we first conducted a logistic regression
analysis with APP as the outcome. In this analysis, NO2
was included as an independent variable. In a second
analysis (ordinary least square regression), NO2 measured
as a continuous variable was modeled as the outcome
(APP was included as an independent variable). The pur-
pose of this was to explore whether health was associated
differently with APP and NO2. Theoretically, if APP is a
good indicator of air pollution levels, then we would
expect rather similar associations between health varia-
bles and APP/NO2-levels. Modelling NO2 as the outcome
is an unusual strategy, but in this cross-sectional study we
were not looking for causal effects, only statistical associ-
ations. If health is associated with APP, and not NO2, we
then believe it indicates an over-reporting of air pollution
among people with a disease. An association between
health and NO2, on the other hand, may provide support
for the presence of causal air pollution effects on health.
Therefore, in order to test for over-reporting it is impor-
tant to compare how both APP and NO2 are related to
health.
In both analyses each health variable was adjusted for age,
sex, employment status, education, smoking, area depri-
vation and season of examination. In the logistic regres-
sion analysis we also investigated a model in which
dwelling conditions, depression and self reported pollu-
tion due to wood or oil heating, factory etc. were removed.
The rationale for this was that while we believe these var-
iables are important contributors to the construct of APP,
they are poorly measured, and may obscure our results.
Results
Among the study participants with missing values that
were removed from the regression analyses, 23.4%
reported APP, whereas 21.3% of those that were included
reported APP. The groups did not differ in mean NO2 dur-
ing the four weeks after study conduct (not shown in
tables). Mean NO2 (95% CI) was 28.6 (28.2 – 29.0) in the
missing group and 28.2 (28.0 – 28.5) in the included
group. Neither did the groups differ by season of exami-
nation. Thus, the missing respondents did not differ by
any of the key variables in this study. Remaining results
reported here are based on the 12 350 persons that were
included in the analyses.
APP increased significantly by levels of NO2. 7.9% in the
quintile with lowest levels of NO2 reported APP, 12.3% in
the second quintile, 22.6% in the third quintile, 27.5% in
the fourth quintile and 33.1% in the fifth quintile (not
shown in tables). We divided the participants in two
groups, those who reported APP and those who did not
(Table 1). APP did not vary much by independent varia-
bles, except age (lower among the oldest and higher
among the youngest), area deprivation (an uneven distri-
bution but markedly highest among those in the most
deprived areas), self reported air pollution due to wood or
oil heating, factory etc., and in all three variables repre-
senting dwelling conditions. These results corresponded
quite well with mean NO2-levels, except self reported pol-
lution due to wood or oil heating, factory etc. where there
in fact were no significant differences in mean NO2
between those who reported that they were troubled by
such pollution and those who were not.
There were small variations in APP by season and a larger
share of APP in spring than in winter, even though mod-
eled NO2-levels were significantly higher in winter. For
depression and all health variables (except diabetes) there
was a much higher reporting of APP among those with a
disease than those without, even though there were no
statistically significant differences in NO2-levels between
the groups. For all variables except diabetes, those who
reported APP were exposed to significantly higher levels of
NO2.
We stratified the participants by season of examination
(figures not shown). In all seasons there was an increase
in APP with increased levels of NO2, even though mean
levels of NO2 were significantly higher in winter for all
quintiles and statistically lower in summer for all quin-
tiles. This indicated that stratification by season was not
important as APP did not vary and was verified by strati-
fied regression models showing no differences in associa-
tions between independent variables and APP by season
(figures not shown).
Table 2 shows results from multivariate logistic regression
analysis with associations between asthma and APP,
adjusted for all other variables in the model. In the initial
model, NO2 was strongly associated with APP, with more
than five times as big probability for APP among those liv-
ing in the quintiles with the highest NO2 levels compared
to those with the least. All quintiles except the two with
highest exposures were significantly different from one
another. There were also independent associations
between other variables (age, employment status and sea-
son of examination) and APP. In area deprivation weEnvironmental Health 2008, 7:9 http://www.ehjournal.net/content/7/1/9
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found that living in the most deprived areas gave an
approximately 2.5 times higher probability for APP com-
pared to living in the least deprived areas. Estimates based
on season showed that spring and summer were signifi-
cantly stronger associated with APP than winter. Those
who reported asthma had a 51% higher probability for
reporting APP.
In the full model, where self reported pollution due to
wood or oil heating, factory etc., dwelling conditions and
Table 2: Multivariate regression analyses. Odds ratios (95% CI) for APP and Beta-coefficients for NO2.
Logistic regression analysis
Dependent variable: APP
OLS regression analysis
Dependent variable: NO2
Variables Initial model: OR (95% CI) Full model: OR (95% CI) Standardized Beta 
Coefficients
Age 30 years 1.00 1.00 Ref.
40 or 45 years 1.00 (0.88 – 1.13) 1.01 (0.89 – 1.15) -.062***
60 years 0.91 (0.79 – 1.05) 1.03 (0.88 – 1.19) -.054***
75 years 0.54 (0.43 – 0.66)*** 0.71 (0.57 – 0.89)** -.001***
Sex Men 1.00 1.00 Ref.
Women 1.09 (0.99 – 1.19) 1.10 (0.99 – 1.21) .003
Employment status Fulltime 1.00 1.00 Ref.
Part-time 1.08 (0.92 – 1.26) 1.01 (0.85 – 1.19) -.022**
Not working 1.40 (1.21 – 1.62)*** 1.14 (0.97 – 1.33) -.038**
Education Low 1.00 1.00 Ref.
High 0.98 (0.88 – 1.08) 0.94 (0.84 – 1.05) -.018*
Smoking Never 1.00 1.00 Ref.
Yes, former 1.09 (0.98 – 1.22) 1.08 (0.96 – 1.21) .009
Yes, current 1.00 (0.89 – 1.12) 1.02 (0.90 – 1.16) .036***
Area deprivation 1st quintile (low) 1.00 1.00 Ref.
2nd quintile 2.01 (1.72 – 2.35)*** 1.89 (1.60 – 2.23)*** .233***
3rd quintile 1.80 (1.52 – 2.14)*** 1.69 (1.41 – 2.02)*** -.020*
4th quintile 1.63 (1.38 – 1.92)*** 1.49 (1.25 – 1.77)*** -.002
5th quintile (high) 2.56 (2.18 – 3.02)*** 2.13 (1.79 – 2.53)*** .280***
Season of examination Winter 1.00 1.00 Ref.
Spring 1.40 (1.23 – 1.59)*** 1.43 (1.24 – 1.64)*** -.147***
Summer 1.45 (1.25 – 1.69)*** 1.50 (1.28 – 1.76)*** -.266***
Autumn 1.08 (0.96 – 1.22) 1.10 (0.97 – 1.24) -.150***
NO2 1st quintile (low) 1.00 1.00
2nd quintile 1.69 (1.39 – 2.05)*** 1.67 (1.37 – 2.04)***
3rd quintile 3.07 (2.56 – 3.68)*** 2.98 (2.47 – 3.60)***
4th quintile 3.97 (3.31 – 4.77)*** 3.79 (3.13 – 4.59)***
5th quintile (high) 5.17 (4.31 – 6.20)*** 4.90 (4.04 – 5.93)***
Pollution due to wood or oil 
heating/factory etc.
No 1.00 Ref.
Yes 9.96 (8.18 – 12.30)*** .023**
Type of dwelling House/villa 1.00 Ref.
Blocks 1.41 (1.23 – 1.63)*** .057***
Other types 1.58 (1.26 – 1.99)*** .062***
Dwelling damp, draughts or 
cold
No 1.00 Ref.
Yes 1.35 (1.16 – 1.57)*** -.012
Poor indoor climate No 1.00 Ref.
Yes 2.49 (2.07 – 2.98)*** -.010
Depression No 1.00 Ref.
Some 1.37 (1.23 – 1.53)*** -.009
Yes 1.22 (1.02 – 1.47)* .001
Asthma No 1.00 1.00 Ref.
Yes 1.51 (1.30 – 1.76)*** 1.31 (1.12 – 1.55)** -.012
APP No Ref.
Yes .164***
* p < 0.05, ** p < 0.01, *** p < 0.001Environmental Health 2008, 7:9 http://www.ehjournal.net/content/7/1/9
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depression were included, there were some reductions in
the previous significant estimates (employment status was
no longer significant), but the associations for quintiles of
NO2 and APP were still strong, although slightly reduced.
The new variables were all significantly associated with
APP, indicating that dwelling factors (type of dwelling,
damp, draughts or cold in the home and other forms of
poor indoor climate) and depression were important for
APP. The association between asthma and APP was
reduced (odds ratio decreasing from approximately 1.5 to
1.3) but remained significant (p = 0.010). In the OLS
regression, most variables (except sex, dwelling condi-
tions and depression) were significantly associated with
NO2, but not asthma (which was associated with APP).
Table 3 shows odds ratios and standardized beta coeffi-
cients for all health variables, when entered one by one
into the models in Table 2 (as we did with asthma).
Including these health variables did not have any influ-
ence on the estimates of the other independent variables
in Table 2 (and they are therefore not reported in Table 3).
When APP was the outcome in the analysis, all health var-
iables (except diabetes) were significantly associated with
APP in the initial model (column a, logistic regression). In
the full model (column b, logistic regression), the inclu-
sion of self reported pollution due to wood or oil heating,
factory etc., dwelling conditions and depression, led to
reduced associations and CHD (p = 0.082) and oste-
oporosis (p = 0.080) were no longer significant at the
0.05-level. Still, asthma, COPD, fibromyalgia and self
reported poor health were all significantly associated with
APP. None of the health variables were associated with
NO2 in the OLS regression analysis in the full model (or
in the initial model which we have not reported). Simi-
larly, logistic regression analyses where health variables
were treated as outcomes, showed that APP was signifi-
cantly associated with all outcomes (except diabetes),
whereas NO2 was not associated with any health out-
comes (not shown in tables).
Discussion
We found a strong independent association between GIS-
modeled air pollution and self reported air pollution
problems, i.e. the higher the levels of air pollution in area
of living, the higher the likelihood to report being trou-
bled by air pollution. This is an expected result. The ques-
tion is rather; what other factors than air pollution itself
may contribute in shaping people's perception of air pol-
lution problems in their local neighbourhood? The aim of
this study was to investigate whether chronic disease may
be one such factor. Independent associations were found
between asthma, chronic obstructive pulmonary disease,
fibromyalgia and self reported poor health; and APP,
whereas independent associations between coronary
heart disease and osteoporosis and APP were conditional
on the presence of either self reported pollution due to
wood or oil heating, factory etc., dwelling conditions or
depression.
All associations reported above were independent of age,
sex, education, employment status, smoking, season of
examination, area deprivation, dwelling type, dwelling
conditions and depression. We believe this broad adjust-
ment has adequately excluded the possibility of over-
reporting of air pollution problems among people with a
disease because of socio-demographic background or a
more pessimistic view upon the environments due to res-
idence in a deprived area, and/or poor dwelling condi-
tions and/or depression. We believe our results
demonstrate that people with chronic disease tend to
Table 3: Individual associations between health variables and APP/NO2
1.
Logistic regression analysis
Dependent variable: APP. OR (95% CI) and p-values.
OLS regression analysis
Dependent variable: NO2. Standardized Beta 
Coefficients (sig.).
Variables a) Initial model2 b) Full model3 Full model
Asthma 1.51 (1.30 – 1.76) p = 0.000 1.31 (1.12 – 1.55) p = 0.001 -.012 (.154)
COPD 1.80 (1.48 – 2.21) p = 0.000 1.50 (1.21 – 1.85) p = 0.000 .007 (.392)
CHD 1.43 (1.20 – 1.70) p = 0.000 1.17 (0.98 – 1.41) p = 0.082 -.005 (.513)
Diabetes 1.01 (0.73 – 1.38) p = 0.940 1.03 (0.74 – 1.43) p = 0.831 -.005 (.508)
Fibromyalgia 1.45 (1.19 – 1.77) p = 0.000 1.24 (1.01 – 1.53) p = 0.038 -.015 (.068)
Osteoporosis 1.40 (1.08 – 1.82) p = 0.010 1.27 (0.97 – 1.68) p = 0.080 -.005 (.551)
Poor self rated health (SRH) 1.42 (1.26 – 1.59) p = 0.000 1.19 (1.04 – 1.35) p = 0.008 -.016 (.057)
1Adjusted for all variables in table 2. Each health variable entered separately in the model. The associations reported in the model are not adjusted 
for the other health variables.
2The variables included in the initial model were: age, sex, employment status, education, smoking, area deprivation, season of examination, and 
NO2.
3The variables included in the full model were: all variables in the initial model and self reported pollution due to wood or oil heating, factory etc., 
dwelling damp, draughts or cold, poor indoor climate and depression.Environmental Health 2008, 7:9 http://www.ehjournal.net/content/7/1/9
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over-report air pollution problems, even when the disease
is non-respiratory. This is largely due to the fact that none
of the health variables were significantly associated with
GIS-modeled levels of NO2, but they were associated with
APP. One interpretation of this, which we doubt, is that
such over-reporting of APP may reflect that people with a
chronic disease have a lower threshold for being troubled
by exposures of daily pollution compared to healthy peo-
ple. This seems like a convincing argument if only respira-
tory diseases were considered. But we find it difficult to
believe that such an argument is valid in the case of such
diseases as fibromyalgia and osteoporosis (partly also
CHD and self reported poor health). Another possibility
that we doubt, is that the associations between health var-
iables and APP reflect causal air pollution effects on
health. This seems unlikely since none of the health vari-
ables were associated with NO2, and it is again difficult to
believe that there should be causal air pollution effects on
e.g. fibromyalgia and osteoporosis.
The strong associations that were found between all dis-
eases except diabetes and APP, and the lack of such asso-
ciations between the same diseases and NO2 indicates a
general tendency of over-reporting, rather than a lower
threshold for being bothered by air pollution among peo-
ple with a disease. These findings also demonstrate an
insufficient correspondence between APP and NO2 which
makes APP an unreliable indicator of air pollution.
Study limitations
There are several limitations to our study. Our health
measures were self reported. Thus we cannot say whether
our results indicate that those with a disease over-report
air pollution problems or whether those likely to report
disease in a questionnaire are also over-reporting air pol-
lution problems.
We were unable to account for two conditions that may be
important. First, daily mobility, in order to capture some of
the potential for exposure misclassification in those that
reside in the city but work elsewhere as those who work
close to their homes would be most likely to have an accu-
rate exposure assessment [17]. Second, objective measures
of dwelling conditions, as our data on these aspects were self
reported and may be biased by disease. Previous studies
have found that those who rent (compared to those who
own) their dwellings are significantly more affected by
noise, hazards, vibration, cold and dampness [18]. Indoor
exposures may be as important as outdoor exposures [19],
although there is evidence that indoor pollution can be
directly related to outdoor pollution [20]. Other dwelling
factors that righteously may shape reporting of air pollu-
tion problems (floor level, whether windows are against
road or backyard, etc.) were not available.
Thus, APP is a concept that reflects much more than just
exposure to different levels of air pollution, e.g. NO2. It
may therefore not be a very good agreement between the
two. We identified several other factors that were inde-
pendently associated with APP, but not with NO2.Interest-
ingly, we found that the exclusion of some of the dwelling
factors led to increasingly stronger associations between
health variables and APP, which indicates that APP does
not only reflect air pollution in the local area, but may
also reflect air quality in the home itself.
The items we used to measure dwelling factors (damp,
draughts, cold or poor indoor climate), as well as our item
measuring depression, are of some concern. They are all
self reported, not validated, and are somewhat ambigu-
ous. In lack of better data, we still considered it useful to
include them in our analyses, as they are intended to
measure assumingly important contributors to APP. Our
analyses proved this to be right. These variables were inde-
pendently associated with APP, and they did not attenuate
any other associations except the health variables. This
indicates that they capture some aspects that are impor-
tant for the reporting of APP. This became especially clear
when we analysed their associations with NO2 and found
that none of them were significantly associated.
Contributors to the construct of self reported air pollution 
problems
Different environmental impacts may result from at least
two important pathways: differential exposures or differ-
ential susceptibilities [21]. The incorporation of social
stratification as a health effect modifier is well established
in air pollution epidemiology [17,22-24]. Evidence have
been provided that lower socio-economic status areas [25]
and households [19] experience the worst air quality,
described as examples of the 'inverse air law' [19], analo-
gous to the inverse care law, i.e. that people with the worst
lung function tend to live in areas with the worst air qual-
ity. This may trigger 'the triple jeopardy', which begins
with increased exposure among lower status groups, is
augmented by the pre-existing burden of poor health that
accompanies low status, and is confounded by an interac-
tion between the two conditions [26].
Over and above modeled air quality many aspects of the
environment have been identified in shaping people's
perception of the air quality [27-29], indicating that per-
ceptions are socially and culturally constructed [30]. Indi-
viduals' perceptions of whether or not they have the
ability to bring about change through their behaviour
may also influence the perception of local air quality or
degree of air pollution problems [27]. For example, when
the analyses of Heinrich et al. [1] were restricted to partic-
ipants with asthma or hay fever, the subjective assess-
ments of air pollution from traffic were increasinglyEnvironmental Health 2008, 7:9 http://www.ehjournal.net/content/7/1/9
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overestimated compared to the modeled levels. Over-
reporting of pollution exposure among people with respi-
ratory disease (or any family members) has been found in
other studies [31,32], and it has been argued that this
over-reporting could be caused by the publicity/media
coverage given to air pollution and respiratory health
[31]. Therefore, it does not seem unreasonable to claim
that the associations between self reported air pollution/
traffic and disease may be severely biased by the concern
and awareness of having a disease that the lay public link
to air pollution. For example, Petrie et al. [33] identified
how certain modern health worries were associated with
having a disease that most people would be likely to asso-
ciate with it (e.g. tainted food concerns and gastrointesti-
nal problems, or toxic intervention concerns and
pseudoneurology complaints). Seemingly, this logic does
not apply to people with diabetes, in which social ine-
qualities are not so marked [34]. The distribution is less
stratified by social position and area of living in Oslo,
compared to other diseases. The patients themselves often
regard their condition as partly a result of obesity, but not
from social circumstances, and not from pollution which
is more prevalent in the deprived areas of Oslo. Thus, they
may be less apt than other chronically ill to be concerned
about pollution [34].
It has been claimed that more educated people have
longer time horizons than the poorly educated [35],
which could explain why well-educated people behave
differently as they are more concerned about (and possi-
bly more aware of) the long-term consequences of day-to-
day activities [36]. It could be that those with diseases
commonly related to air pollution are more likely to
report air pollution problems due to a greater concern of
the long term-consequences of such exposure. This
assumption was tested in our analyses by including both
respiratory and non-respiratory diseases, and our conclu-
sion is that the over-reporting of air pollution problems
seen for all diseases indicates an over-reporting from
chronic disease in general, and not only from those dis-
eases commonly related to air pollution.
The association between air pollution and respiratory
health seem well established [37,38], although there is
unclear evidence of impacts of outdoor air pollution and
asthma incidence [38-40]. Thus, claiming that self
reported air pollution/traffic intensity is predictive to
health seems plausible. But such a presumption is nor-
mally not tested against diseases for which the etiological
evidence in reference to air pollution is scarce or missing.
This is especially problematic in those studies that do not
have any objectively measured equivalents to the self
reported problems, as they are then unable to differentiate
the part of the association into that of true exposure and
that of a socially or culturally constructed bias. Three such
biases were tested in our analyses; that of disease, that of
living in deprived areas, and that of depression. After the
partitioning of NO2and disease/area deprivation/depres-
sion was done in our analyses, our results indicated,
despite the cross-sectional design, that health status affects
the reporting of air pollution problems, making the latter
an unreliable variable in studies on air pollution effects
on health.
Conclusion
Modeled air pollution and self reported air pollution
problems are strongly associated. However, several other
factors than air pollution itself contribute to people's
reporting of air pollution problems. Independent associa-
tions between both respiratory and non-respiratory dis-
eases and self reported air pollution problems were found
after adjustment for several socio-demographic variables
and GIS-modeled air pollution, whereas no such associa-
tions were found between diseases and NO2. We therefore
believe that people with a disease are in general more
likely to report air pollution problems, regardless of the
pollution they are in fact exposed to. This is a methodo-
logical problem, which should be carefully considered in
studies that either tries to find associations between air
pollution and health using self reported pollution or traf-
fic intensity, or in studies that try to establish a predictive
effect of perceptions of neighbourhood problems on
health.
Competing interests
The author(s) declare that they have no competing inter-
ests.
Authors' contributions
FNP planned the study design, performed the analyses
and wrote the manuscript. CM and PN contributed to the
acquisition of data and preparing the data files, planning
the study design, contributed with academic discussions
and drafted and revisited the manuscript. ØN and BC par-
ticipated in planning the study design, contributed with
academic discussions and drafted and revisited the manu-
script. All authors read and approved the final manu-
script.
Acknowledgements
The National Health Screening Service of Norway (now the Norwegian 
Institute of Public Health) conducted the practical part of the data collec-
tion. Air pollution data was available from the Norwegian Institute of Air 
Research (NILU). The Oslo City Council provided additional data. This 
study has been financed by our departments and the Norwegian Research 
Council.
References
1. Heinrich J, Gehring U, Cyrys J, Brauer M, Hoek G, Fischer P, Bellander
T, Brunekreef B: Exposure to traffic related air pollutants: self
reported traffic intensity versus GIS modeled exposure.
Occup Environ Med 2005, 62:517-523.Environmental Health 2008, 7:9 http://www.ehjournal.net/content/7/1/9
Page 10 of 10
(page number not for citation purposes)
2. Ciccone G, Forastiere F, Agabiti N, Biggeri A, Bisanti L, Chellini E,
Corbo G, Dell'Orco V, Dalmasso P, Volante TF, Galassi C, Piffer S,
Renzoni E, Rusconi F, Sestini P, Viegi G: Road traffic and adverse
respiratory effects in children. SIDRIA Collaborative Group.
Occup Environ Med 1998, 55:771-778.
3. Duhme H, Weiland SK, Keil U, Kraemer B, Schmid M, Stender M,
Chambless L: The association between self-reported symp-
toms of asthma and allergic rhinitis and self-reported traffic
density on street of residence in adolescents.  Epidemiology
1996, 7:578-582.
4. Weiland SK, Mundt KA, Ruckmann A, Keil U: Self-reported
wheezing and allergic rhinitis in children and traffic density
on street of residence.  Ann Epidemiol 1994, 4:243-247.
5. Bowling A, Barber J, Morris R, Ebrahim S: Do perceptions of neigh-
bourhood environment influence health? Baseline findings
from a British survey of aging.  J Epidemiol Community Health 2006,
60:476-483.
6. Steptoe A, Feldman PJ: Neighborhood problems as sources of
chronic stress: development of a measure of neighborhood
problems, and associations with socioeconomic status and
health.  Ann Behav Med 2001, 23:177-185.
7. Sogaard AJ, Selmer R, Bjertness E, Thelle D: The Oslo Health
Study: The impact of self-selection in a large, population-
based survey.  Int J Equity Health 2004, 3:3.
8. Briggs DJ, Collins S, Elliott P, Fischer P, Kingham S, Lebret E, Pryl K,
van Reeuwijk H, Smallbone K, van der Veen A: Mapping urban air
pollution using GIS: a regression-based approach.  Int J Geogr
Inf Sci 1997, 11:699-718.
9. Lewné M, Cyrys J, Meliefste K, Hoek G, Brauer M, Fischer P, Gehring
U, Heinrich J, Brunekreef B, Bellander T: Spatial variation in nitro-
gen dioxide in three European areas.  Sci Total Environ 2004,
332:217-230.
10. Denby D, Laupsa H, McInnes H: AirQUIS2003 Models Module –
User's Guide.  Kjeller: Norwegian Institute for Air Research; 2004. 
11. Walker SE, Slordal LH, Guerreiro C, Gram F, Gronskei KE: Air pol-
lution exposure monitoring and estimation. Part II. Model
evaluation and population exposure.  J Environ Monit 1999,
1:321-326.
12. Madsen C, Nafstad P: Associations between environmental
exposure and blood pressure among participants in the Oslo
Health Study (HUBRO).  Eur J Epidemiol 2006, 21:485-491.
13. Shohaimi S, Luben R, Wareham N, Day N, Bingham S, Welch A,
Oakes S, Khaw KT: Residential area deprivation predicts smok-
ing habit independently of individual educational level and
occupational social class. A cross sectional study in the Nor-
folk cohort of the European Investigation into Cancer (EPIC-
Norfolk).  J Epidemiol Community Health 2003, 57:270-276.
14. Piro FN, Næss O, Claussen B: Area deprivation and its associa-
tion with health in a cross-sectional study: are the results
biased by recent migration?  Int J Equity Health 2007, 6:10.
15. Oei HH, Vliegenthart R, Deckers JW, Hofman A, Oudkerk M, Witte-
man JC: The association of Rose questionnaire angina pec-
toris and coronary calcification in a general population: the
Rotterdam Coronary Calcification Study.  Ann Epidemiol 2004,
14:431-436.
16. Definition and classification of chronic bronchitis for clinical
and epidemiological purposes. A report to the Medical
Research Council by their Committee on the Aetiology of
Chronic Bronchitis.  Lancet 1965, 1:775-779.
17. Jerrett M, Buzzelli M, Burnett RT, DeLuca PF: Particulate air pol-
lution, social confounders, and mortality in small areas of an
industrial city.  Soc Sci Med 2005, 60:2845-2863.
18. Ellaway A, Macintyre S: Does housing tenure predict health in
the UK because it exposes people to different levels of hous-
ing related hazards in the home or its surroundings?  Health
Place 1998, 4:141-150.
19. Wheeler BW, Ben Shlomo Y: Environmental equity, air quality,
socioeconomic status, and respiratory health: a linkage anal-
ysis of routine data from the Health Survey for England.  J Epi-
demiol Community Health 2005, 59:948-954.
20. Janssen NA, de Hartog JJ, Hoek G, Brunekreef B, Lanki T, Timonen
KL, Pekkanen J: Personal exposure to fine particulate matter
in elderly subjects: relation between personal, indoor, and
outdoor concentrations.  J Air Waste Manag Assoc 2000,
50:1133-1143.
21. Lipfert FW: Air pollution and poverty: does the sword cut
both ways?  J Epidemiol Community Health 2004, 58:2-3.
22. Jerrett M, Burnett RT, Brook J, Kanaroglou P, Giovis C, Finkelstein N,
Hutchison B: Do socioeconomic characteristics modify the
short term association between air pollution and mortality?
Evidence from a zonal time series in Hamilton, Canada.  J Epi-
demiol Community Health 2004, 58:31-40.
23. Pope CA III, Burnett RT, Thun MJ, Calle EE, Krewski D, Ito K,
Thurston GD: Lung cancer, cardiopulmonary mortality, and
long-term exposure to fine particulate air pollution.  JAMA
2002, 287:1132-1141.
24. Martins MC, Fatigati FL, Vespoli TC, Martins LC, Pereira LA, Martins
MA, Saldiva PH, Braga AL: Influence of socioeconomic condi-
tions on air pollution adverse health effects in elderly people:
an analysis of six regions in Sao Paulo, Brazil.  J Epidemiol Com-
munity Health 2004, 58:41-46.
25. Finkelstein MM, Jerrett M, DeLuca P, Finkelstein N, Verma DK, Chap-
man K, Sears M: Relation between income, air pollution and
mortality: a cohort study.  CMAJ 2003, 169:397-402.
26. Veenstra G, Kelly S: Comparing objective and subjective status:
Gender and space (and environmental justice?).  Health Place
2007, 13:57-71.
27. Bickerstaff K: Risk perception research: socio-cultural per-
spectives on the public experience of air pollution.  Environ Int
2004, 30:827-840.
28. Day R: Place and the experience of air quality.  Health Place
2007, 13:249-260.
29. Bush J, Moffatt S, Dunn C: 'Even the birds round here cough':
stigma, air pollution and health in Teesside.  Health Place 2001,
7:47-56.
30. Wakefield SE, Elliott SJ, Cole DC, Eyles JD: Environmental risk and
(re)action: air quality, health, and civic involvement in an
urban industrial neighbourhood.  Health Place 2001, 7:163-177.
31. Kuehni CE, Strippoli MP, Zwahlen M, Silverman M: Association
between reported exposure to road traffic and respiratory
symptoms in children: evidence of bias.  Int J Epidemiol 2006,
35:779-786.
32. Oglesby L, Kunzli N, Monn C, Schindler C, Ackermann-Liebrich U,
Leuenberger P: Validity of annoyance scores for estimation of
long term air pollution exposure in epidemiologic studies:
the Swiss Study on Air Pollution and Lung Diseases in Adults
(SAPALDIA).  Am J Epidemiol 2000, 152:75-83.
33. Petrie KJ, Sivertsen B, Hysing M, Broadbent E, Moss-Morris R, Eriksen
HR, Ursin H: Thoroughly modern worries: the relationship of
worries about modernity to reported symptoms, health and
medical care utilization.  J Psychosom Res 2001, 51:395-401.
34. Hussain A, Claussen B, Ramachandran A, Williams R: Prevention of
type 2 diabetes: a review.  Diabetes Res Clin Pract 2007,
76:317-326.
35. Sorensen AB: Toward a sounder basis for class analysis.  Am J
Sociology 2000, 105:1523-1558.
36. Thrane C: Explaining educational-related inequalities in
health: Mediation and moderator models.  Soc Sci Med 2006,
62:467-478.
37. Ackermann-Liebrich U, Leuenberger P, Schwartz J, Schindler C, Monn
C, Bolognini G, Bongard JP, Brandli O, Domenighetti G, Elsasser S,
Grize L, Karrer W, Keller R, Keller-Wossidlo H, Kunzli N, Martin
BW, Medici TC, Perruchoud AP, Schoni MH, Tschopp JM, Villiger B,
Wuthrich B, Zellweger JP, Zemp E: Lung function and long term
exposure to air pollutants in Switzerland. Study on Air Pol-
lution and Lung Diseases in Adults (SAPALDIA) Team.  Am J
Respir Crit Care Med 1997, 155:122-129.
38. Zemp E, Elsasser S, Schindler C, Kunzli N, Perruchoud AP,
Domenighetti G, Medici T, Ackermann-Liebrich U, Leuenberger P,
Monn C, Bolognini G, Bongard JP, Brandli O, Karrer W, Keller R,
Schoni MH, Tschopp JM, Villiger B, Zellweger JP: Long-term ambi-
ent air pollution and respiratory symptoms in adults (SAPA-
LDIA study). The SAPALDIA Team.  Am J Respir Crit Care Med
1999, 159:1257-1266.
39. Zmirou D, Gauvin S, Pin I, Momas I, Sahraoui F, Just J, Le Moullec Y,
Bremont F, Cassadou S, Reungoat P, Albertini M, Lauvergne N, Chi-
ron M, Labbe A, Vesta Investigators: Traffic related air pollution
and incidence of childhood asthma: results of the Vesta case-
control study.  J Epidemiol Community Health 2004, 58:18-23.
40. Brunekreef B, Sunyer J: Asthma, rhinitis and air pollution: is
traffic to blame?  Eur Respir J 2003, 21:913-915.